OBJECTIVE: To assess the in¯uence of abdominal obesity and work stress (operationalised as low control over work) on ambulatory blood pressure on a working day and evening. PARTICIPANTS AND METHODS: 156 school teachers (58 men and 98 women) carried out ambulatory blood pressure and heart rate monitoring on a work day and evening. Cardiovascular activity was also measured under baseline conditions on another occasion, when body weight, height, waist and hip circumference were assessed. Perceived control over work was assessed by questionnaire, along with mental health, anger expression and social support. 126 participants repeated the protocol after 12 months. Waistahip ratio was used as the index of abdominal obesity. RESULTS: Baseline blood pressure was positively associated with waistahip ratio in men, but ambulatory blood pressure and heart rate were not independently related to waistahip ratio or job control. However, blood pressure and heart rate recorded during the working day and evening were elevated in men with high waistahip ratio who experienced low job control, independently of age and body weight. Effects for diastolic blood pressure and heart rate were replicated after 12 months. Body mass index was not related to blood pressure or heart rate during the day or evening after adjustment for age and waist circumference. Low job control was associated with poor psychological well-being, negative mood and lack of social support. CONCLUSIONS: The results are consistent with the hypothesis that abdominal obesity in men is characterised by a tendency towards heightened stress-induced physiological activation, but that this tendency will only be manifest in the presence of appropriate environmental challenges such as chronic work stress.
Introduction
Abdominal fat deposition as indexed by waist-to-hip ratio is associated with cardiovascular risk factors such as insulin resistance, hypertriglyceridaemia and low concentration of high-density lipoprotein, 1 and with coronary atherosclerosis and mortality. 2, 3 Waist ± hip ratio is also positively correlated with blood pressure level and the prevalence of hypertension in epidemiological surveys. 4 ± 8 These studies have typically assessed blood pressure level by measurements taken on a single occasion. Such measures may not be representative in view of the variability of blood pressure, and ambulatory monitoring using automated non-invasive apparatus has been recommended as a more reliable indicator. 9, 10 Evidence relating abdominal obesity with ambulatory blood pressure and heart rate is inconclusive. Gerber et al 11 studied a sample of 135 normotensive or mildly hypertensive men, and found that waist circumference, but not waist ± hip ratio, was signi®-cantly correlated with blood pressures recorded during screening and sleep, and not with blood pressure recorded at work or home. It was suggested that body fat distribution was associated more with basal blood pressure' than with pressures recorded during daily activities. A more recent comparison of obese and normal weight children reported that ambulatory systolic but not diastolic blood pressure was predicted by waist ± hip ratio independently of body mass index (BMI). 12 One explanation of these ®ndings is that ambulatory blood pressure is in¯uenced by a number of other factors including physical activity, posture, mood and social interaction. 13, 14 Evidence is also accumulating that work stress in¯uences ambulatory blood pressure. 15 The demandacontrol model of job strain proposed by Karasek 16 suggests that jobs in which demands are high but control is low are particularly stressful. Schnall et al 17 found that diastolic pressure at work was elevated among men with jobs characterised by high demand and low control, and this ®nding has been replicated by others. 18, 19 Epidemiological studies of work stress and cardiovascular disease have increasingly focused on low control at work as the toxic element, 20 and low control over the work environment was found in the Whitehall II prospective epidemiological cohort of British civil servants to predict cardiovascular disease independently of standard risk factors. 21 It has also been hypothesised that connections exist between the development of abdominal obesity and psychological stress. 22 Animal studies indicate that social stress leads to visceral fat deposition, 23 and a high waist ± hip ratio has been correlated with work dissatisfaction, unemployment and negative life events such as divorce, after adjustment for BMI, smoking and alcohol consumption. 24 Georges et al 25 reported that higher abdominal fat was associated with lower control at work, but the relationship was no longer signi®cant after adjusting for education. Experimentally, it has been found that central adiposity leads to heightened cardiovascular responsiveness to standardised mental stress tasks. 26 These observations suggest the possibility that abdominal obesity may interact with work stress in predicting ambulatory blood pressure. We therefore tested the hypothesis that a high waist ± hip ratio coupled with chronic work stress would be associated with elevated ambulatory blood pressure and heart rate. Work stress was indexed by low job control. Separate analyses were conducted on men and women, since the neuroendocrine mechanisms underlying body fat distribution may differ between the sexes. 27 The study was carried out with participants from a single occupational group to reduce variability associated with education and socio-economic status, and we selected schoolteachers as a group in which work stress is prominent. 28 The cohort was re-assessed after 12 months, allowing tests of whether the observed associations were maintained.
The extent to which low job control and high waist ± hip ratio are associated with psychosocial risk factors was also investigated. High demand and low control at work have been related to psychiatric morbidity, 29 and to increased depression and hostility and low social support. 30 Similarly, abdominal obesity is independently associated with use of psychotropic medication, 31, 32 outwardly expressed anger, 33 hostility, 34 and poor social supports. 35 This raises the possibility that similar psychosocial factors characterise abdominal obesity and chronic work stress. These may in turn stimulate sympathetic nervous system and neuroendocrine function, thereby increasing disease risk. 36 
Methods

Participants
Participants were recruited from a survey of junior and high school teachers in London, UK. A total of 1459 questionnaires concerning work, lifestyle and health were distributed to teachers from 126 schools, of whom 755 (51.7%) provided data. Measures of job strain based on the demand ± control model 37 were administered, and 156 teachers were selected for the present investigation because their job strain scores were either high or low relative to the population mean. Fifty-eight men and 98 women aged 22 ± 58 years took part. The proportion of men and women is representative of the gender distribution of school teachers in the UK. None had diagnosed hypertension or any recognised cardiovascular or endocrine disorder. Other investigations of these individuals are described elsewhere. 38 The study was approved by the local Medical Research Ethics Committee, and volunteers were paid a small honorarium for their participation.
Measures
Job control. Job control was assessed with three items from the job strain questionnaire. 37 Each item (for example,`I have freedom to decide what I do in my job'), was rated on a four-point scale ranging from strongly disagree' to`strongly agree', and ratings were averaged to produce an overall score, with higher scores re¯ecting higher perceived job control. Ratings averaged 2.71 (s.d. 0.81). Participants were subsequently divided for analysis into high and low job control groups, based on median split.
Psychosocial measures. Anger coping was assessed using the State-Trait Anger Expression inventory, a widely used measure of anger expression and experience. 38 `A nger In', or angry feelings that are not openly expressed, was assessed with eight items (for example,`When I am angry I keep things in'), as was the outward expression of anger,`Anger Out' (for example,`When I am angry I strike out at whatever infuriates me'). Each item was rated on a four-point scale from`almost never' to`almost always', and ratings were totalled to produce Anger In and Anger Out scores ranging from 8 to 32 with higher scores indicating greater inhibition or outward expression of anger.
Mental health was assessed with the General Health Questionnaire (GHQ), a well-established measure of psychiatric morbidity suitable for population surveys. 40 Associations between work characteristics and GHQ scores have previously been documented. 29, 41 The 28-item version of the GHQ was administered, with higher scores indicating poorer mental health.
Negative affect was indexed by the 10-item Negative Affect Scale devised by Watson, Clark and Tellegen. 42 Each item describes a feeling or emotion which is rated on a ®ve-point scale according to how the respondent has felt over the past few weeks. Total scores were calculated, with higher scores indicating greater negative affect.
Social support was assessed using the Interpersonal Support Evaluation List (ISEL). 43 This 40-item Abdominal obesity and work stress A Steptoe et al questionnaire is designed to assess perceived availability of support across four domains: tangible support or the availability of practical aid, appraisal support or the availability of people to talk to and provide advice, self-esteem support measuring selfcon®dence and positive social comparison, and belonging support or the availability of social contacts with whom one can do things. Responses to the 40 items (scored yesano) were summed to generate a total support score, with higher values re¯ecting greater perceived support. The scale has been used in a variety of health research settings. 44, 45 Anthropometry. Height, body weight, and waist and hip circumference were measured using standardized procedures in the participant's place of work, prior to the baseline assessments of cardiovascular activity. Waist circumference was assessed with the subject standing, taking the point midway between the lowest rib and the iliac crest, while hip circumference was measured at the level of the great trochanters. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ).
Baseline cardiovascular activity.
Blood pressure (BP) and heart rate were monitored with an A&D UA751 electronic sphygmomanometer 46 after the participant had been sitting quietly for at least 15 min. Participants were asked to refrain from smoking, eating and drinking alcohol and caffeinated beverages for 2 h prior to assessment. Two readings were obtained at a 3 min interval, and were averaged to provide baseline systolic, mean and diastolic BP and baseline heart rate.
Ambulatory monitoring
Ambulatory BP and heart-rate monitoring was carried out using the Spacelabs 90217, a lightweight version of the 90207 non-invasive monitor. 47 The monitor was ®tted between 8.00 and 9.00 am on a working day at each participating school, with cuff sizes appropriate for the arm circumference of each participant. After instrumentation and con®rmation of accurate functioning, subjects wore the monitor from 9.00 am to 10.30 pm. Blood pressure readings were taken at 20 min intervals between 9.00 am and 6.00 pm, and every 30 min between 6.00 pm and 10.30 pm. Each reading was accompanied by an entry in a diary in which the participant recorded their location, posture and activity, together with ratings of control and subjective pressure. In the evening, monitors were removed and returned to the investigators on the following day, when data were down-loaded for analysis. Blood pressure and heart rate readings were subsequently reviewed and outliers were excluded according to the methods described by Berardi et al. 48 
Data analysis
Ambulatory BP and heart rate were averaged across the working day (9.00 am to 5.40 pm) and evening (6.00 ± 10.30 pm). Mean BP was calculated as diastolic BP 1a3 pulse pressure. The analysis of ambulatory BP is complicated, and regression and multilevel methods have been applied. 49 We elected to use analysis of variance with job control and waist ± hip ratio as between-subject factors. Age and body weight were included as covariates in the analyses involving waist ± hip ratio. Additional analyses were carried out comparing BP recorded in different postures and situations, and with the regression models we have utilised in previous studies. 50 However, these did not materially alter the pattern of results, so are not described in detail here. Analyses were carried out using SPSS and STATA.
Results
The characteristics of the sample are summarized in Table 1 . The median waist ± hip ratio was 0.878 for men and 0.758 for women. Based on these criteria, there were 30 men in the high waist ± hip and 28 in the low waist ± hip categories, and 49 high and 49 low waist ± hip women, distributed to high and low job control categories as shown in Table 1 . Men with high waist ± hip ratios were signi®cantly older than those with low waist ± hip ratios [F1Y 54 16X2Y P50X001], but the high waist ± hip groups did not differ in age among women. There were no signi®cant differences between groups in marital status. Few of the participants were smokers, with no more than four smokers in each group. Men in administrative as opposed to standard teaching grades were more likely to be in the high than low waist ± hip groups (w 2 13X5Y P50X001), but this pattern did not vary with degree of job control. The difference probably re¯ects the age difference noted earlier, since older male teachers were more likely to have been promoted to administrative grades.
There were by design signi®cant differences in job control ratings between high and low job control groups in both men and women [F1Y 54 145X6 for men, (1,94) 181.1 for women, P50X0001]. Importantly, job control did not differ in high and low waist ± hip groups. Conversely, the high and low waist ± hip groups were signi®cantly different in waist ± hip ratio scores [F1Y 54 60X0 for men and (1,94) 139.7 for women, P50X0001], with no differences associated with job control grouping. The high and low waist ± hip groups differed signi®cantly in waist circumference [F1Y 54 29X1 for men and (1,94) 5.80 for women, P50X025]. Differences between high and low waist ± hip groups were also observed in body weight (F 14X1 and 9.25 for men and women, P50X001) and in BMI (F 35X0 and 41.5 respectively, P50X0001). In men, the high and low job control groups did not differ on any anthropometric variable, but in women, those with low job control had signi®cantly larger waists, were heavier, and had greater BMIs than those reporting high job control [F1Y 94 5X90, 3.86 and 6.84 respectively, P50X05].
Waist ± hip ratio, job control and ambulatory blood pressure
Neither waist ± hip ratio nor job control independently predicted ambulatory BP or heart rate. However, signi®cant interactions between waist ± hip group and job control were observed for cardiovascular activity during the working day in men, and these are summarised in Figures 1 and 2 . In the low job control groups, those with greater abdominal obesity Figure 1 Mean systolic blood pressure (upper panel) and mean blood pressure (lower panel) over the working day in men, adjusted for age and body weight. The sample is divided into men experiencing low and high job control, and low and high waist ± hip ratio. Figure 2 Mean diastolic blood pressure (upper panel) and heart rate (lower panel) over the working day in men, adjusted for age and body weight. The sample is divided into men experiencing low and high job control, and low and high waist ± hip ratio.
Abdominal obesity and work stress A Steptoe et al had signi®cantly higher mean BP [F(1,26) 4.67, P`0.04], diastolic BP (F 4.93, P`0.05) and heart rate (F 6.89, P`0.025) than those with low waist ± hip ratios. The effect was also signi®cant for systolic BP when weight was included as a covariate [F1Y 26 4X22Y P50X05], but not when age was added to the model. The differences between high and low waist ± hip groups with low job control averaged 6.65 mmHg mean BP, 6.1 mmHg diastolic BP and 11.2 bpm heart rate. Ambulatory BP and heart rate did not differ with waist ± hip ratio among high job control men. The average differences between high and low waist ± hip groups in high job control men were 70.1 mmHg mean BP, 70.9 mmHg diastolic BP and 71.7 bpm heart rate.
Low job control and high waist ± hip ratio interacted in their association with elevated BP and heart rate at work in men. No such effect was observed for women in any cardiovascular parameter. The average values in women were 123.7 (s.d. 11.4) mmHg systolic BP, 95.1 (s.d. 8.0) mmHg mean BP, 80.1 (s.d. 7.1) mmHg diastolic BP, and 80.0 (s.d. 9.1) bpm heart rate, and these values were not associated either with job control or waist ± hip ratio.
Among men, cardiovascular differences associated with high waist ± hip ratio and low job control were also recorded in the evening. The comparison between low job control men who had high and low waist ± hip ratios showed signi®cant differences (after adjustment for age and body weight) in mean BP, diastolic BP and heart rate [F1Y 24 5X87, 7.34 and 7.63 respectively, P50X025]. The adjusted differences between waist ± hip groups averaged 6.2 mmHg, 8.3 mmHg and 12.5 bpm for mean BP, diastolic BP and heart rate, respectively.
Waist ± hip ratio, job control and baseline cardiovascular activity
The analyses of baseline BP and heart rate are summarised in Table 2 . Among men, the high waist ± hip groups had signi®cantly greater mean BP and diastolic BP than the low waist ± hip groups [F1Y 52 5X32 and 5.49 respectively, P50X025], with no differences in women. However, job control was not related to baseline BP and heart rate, and there were no interactions between job control and waist ± hip ratio. Consequently, the effects observed during ambulatory monitoring were not mirrored in baseline levels.
Body mass index, job control and ambulatory blood pressure
A comparable set of analyses was carried out assessing possible associations between job control and BMI. Waist circumference and age were included as covariates in these analyses. We found no signi®cant interactions between BMI and job control for any cardiovascular variable recorded during the day or evening.
Replication at 12 months
Forty-seven of the 58 men who participated in the initial study were reassessed at 12 months, as were 79 of the original sample of 98 women. Participants were categorised on the basis of job control assessments made within 3 weeks of ambulatory BP monitoring. The association between low job control and high waist ± hip ratio was replicated after 12 months for diastolic BP [F1Y 19 5X49Y P50X05], and heart rate [F1Y 16 4X78Y P50X05]. Diastolic BP during 
Psychosocial characteristics
The associations of psychosocial characteristics with job control and waist ± hip ratio were analysed separately for men and women. Data are summarised in . Thus waist ± hip ratio was related to anger inhibition, while mental health and social support were associated with job control. However, there were no signi®cant interactions between waist ± hip ratio and job control for any psychosocial measure in either men or women.
Discussion
The rationale underlying this study was that abdominal obesity is associated with a tendency towards heightened stress-induced neuroendocrine and autonomic responsivity, but that this tendency will only be manifest in the presence of appropriate environmental challenges. Work stress is a chronic demand that stimulates a variety of behavioural and physiological adjustments. 15, 51 Although there are several properties of the work experience that are potentially stressful, lack of control has been identi®ed as a critical element. 52 Consequently, an interaction between abdominal obesity and low job control was predicted in relation to cardiovascular activity during the working day and evening.
This prediction was ful®lled for men but not women. Men with high waist ± hip ratios who reported low job control had elevated blood pressure and heart rate over the working day (Figures 1 and 2 ), and these effects were sustained through the evening for mean blood pressure, diastolic blood pressure and heart rate. The ®ndings for the evening are interesting, since they suggest that physiological activation was maintained after the stresses of work were removed. According to the concept of allostatic load promulgated by McEwen, 53 an important manifestation of chronic stress may be failure of adaptive and restorative processes following termination of demands.
The association between low control at work and high abdominal obesity was replicated in the same sample after a 12-month interval, adding further weight to the reliability of the ®nding. Although the precise mechanisms underlying this pattern of results cannot be delineated with certainty, the fact that heart rate as well as blood pressure was elevated in the high waist ± hip ratio and low job control men suggests that sympathetic processes were involved. The literature relating obesity with sympathetic activity is inconsistent, 54 but microneurographic studies have documented an increased sympathetic traf®c, 55 and 24 h urinary norepinephrine excretion was positively correlated with high waist ± hip ratio in the Normative Aging Study. 56 Obesity and central adiposity are associated with heightened cardiovascular responsivity to mental stress, 26, 57 and it has been argued that individuals with abdominal obesity show hyperactive sympathetic responses to stress related to pituitary ± adrenocortical activation. 58 Our ®ndings go some way towards reconciling the existing literature linking abdominal obesity with blood pressure. In accordance with the epidemiological literature, 4 ± 8 waist ± hip ratio was positively associated with baseline blood pressure (Table 2) . However, a greater waist ± hip ratio per se was not related to elevated blood pressure during ambulatory monitoring, consistent with the ®ndings reported by Gerber et al. 11 It may be that the sample of men studied by Gerber experienced a range of high and low work stress, obscuring the interaction between abdominal obesity and work stress recorded here.
It is not clear why the hypothesised interaction between job control and abdominal obesity did not in¯uence ambulatory blood pressure among women. The differences between groups in job control and in waist ± hip ratio were comparable in men and women, so range restriction is unlikely to be responsible. In women, but not men, low job control was associated with higher body weight and BMI, and this is consistent with other literature linking abdominal obesity in women with psychosocial adversity. 32, 33 We did not obtain detailed information concerning reproductive status, so an unknown proportion of women are likely to have been postmenopausal. Changes in cardiovascular stress responsivity with menopause have been reported, 59 and may have contributed additional error variance to these analyses.
The sample in this investigation came from a normal working population, and were not extreme in terms of central adiposity or BMI. Although results have been presented using waist ± hip ratio as index of abdominal obesity, similar results emerged with waist circumference as the marker, as recommended by Pouliot et al. 60 The use of a single occupational Abdominal obesity and work stress A Steptoe et al group means that activities during the working day were more uniform than in studies of ambulatory monitoring with mixed working populations, reducing variability associated with differing physical demands. 13 It is interesting that individuals reporting lack of job control also experience more negative mood, relatively poor mental health and a lack of social support. Similar correlates of stressful working environments have been described by others. 30 It appears that chronic work stress can be a potent in¯uence on psychological well-being as well as physiological function. The interaction between work stress and waist ± hip ratio but not BMI is consistent with a speci®c role of psychosocial factors in the mechanisms linking abdominal obesity with cardiovascular disease risk.
